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NONTECHNICAL  SUMHAHl 


The  Problem 

In  order  to  predict  the  radiation  hazards  arising  from  fallout  and 
devise  protective  counts roeaeures  against  them  it  la  necessary  to  deter* 
mine  the  characteristics  of  the  fallout  particles.  Among  the  important 
characteristics  needed  ia  the  relationship  between  two  important  indivi¬ 
dual  aspects  of  fallout  particles,  size  and  radioactivity. 

Previous  studies  have  considered  the  total  radioactivity  associated 
with  particles  grouped  according  to  size  ranges.  However,  this  approach 
does  not  consider  the  variation  of  radioactivity  with  particles  of  dif¬ 
ferent  shape,  shape  being  an  Indication  of  the  differences  in  the  manner 
radioactivity  is  Incorporated  in  the  particle.  Also,  the  methods  used 
in  past  studies  for  separating  the  particles  Into  size  ranges  did  not 
prevent  the  break-up  of  some  particles,  of  which  the  fragments  were 
regarded  as  being  smaller  particles.  These  two  conditions  caused  mis¬ 
leading  results  in  the  final  data  la  attempts  to  quantitatively  describe 
a  relationship  between  the  size  and  radioactivity  of  fallout  particles* 


In  this  investigation,  the  shape,  size,  and  level  of  radioactivity 
were  determined  for  individual  fallout  particles.  A  wide  range  of  radio¬ 
activity  intensities  was  associated  with  each  of  tbs  size  groups  and  size- 
shape  groups  of  particles.  In  the  case  of  particles  collected  at  one  sta¬ 
tion  in  the  field,  a  possibility  was  Indicated  that  the  radioactivity  is 
normally  distributed  over  a  size-shape  group.  This  set  of  data  also  indi¬ 
cate  that  regarding  a  relationship  to  particle  shape,  radioactivity  varies 
approximately  as  the  square  of  the  diameter  for  irregular  particles  and  as 
the  3*7  exponential  power  of  the  diameter  for  spheroidal  particles.  In 
the  case  of  dendrite-like  particles,  the  activity  varies  with  a  function 
exponentially  greater  than  the  irregular  particle  function. 
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UTEROEUCTIOB 


Relationships  between  the  size  and  radioactivity  of  fallout  parti* 
eles  play  an  important  role  in  fallout  phenomenology  and  model  research. 
These  relationships  aid  in  the  assessment  of  radiological  situations  and, 
more  Important,  may  re  'ul  the  manner  in  which  activity  is  associated 
with  the  particles.  Furthermore,  the  modes  of  association  may  provide 
sooe  insight  into  the  history  of  fallout  material  and  suggest  the  mechan¬ 
ism  of  particle  formation  and  contamination. 

It  has  been  generally  hypothesized  that  activity  is  a  function  of 
either  particle  surface  area  or  volume.  Experimental  data  to  confirm 
this  hypothesis  is  needed.  In  the  case  of  coral  fallout  particles,  radio- 
autographic  studies  by  Adams1-**  have  shown  the  existence  of  three  general 
types  of  particles  with  intrinsic  differences  in  activity  association. 
Irregularly  shaped  particles  generally  have  the  activity  concentrated  on 
the  exterior,  indicating  that  It  was  deposited  after  the  particle  was 
formed.  Spheroidal  particles  usually  have  the  activity  dispersed  through¬ 
out,  suggesting  that  it  was  incorporated  during  some  molten  state.  Regard¬ 
ing  the  third  type,  particles  with  a  dendrite-like  structure,  little  is 
known  of  activity  association.  The  existence  of  such  differences  neces¬ 
sitates  the  consideration  of  particle  shape  in  the  activity-size  relation¬ 
ships  of  coral  particles. 

Other  studies5,6  have  been  limited  to  the  composite  activity  associa¬ 
ted  with  size  fraction.  However,  certain  deficiencies  are  Inherent  in 
this  method  of  study.  The  approach  does  not  take  Into  account  the  varia¬ 
bility  of  particle  activity  due  to  particle  type.  Moreover,  particle  size 
separation  vas  generally  accomplished  by  sedimentation,  sieving  and  other 
agitating  methods;  since  a  substantial  portion  of  coral  particles  are 
dendrite -like  and  fragile,  these  methods  very  likely  cause  particle  break¬ 
up  and  subsequent  errors.  Regarded  as  smaller  particles,  the  fragments 
cause  inaccuracies  in  the  data,  particular  ly  frogmente  from  particles  with 
activity  concentrated  on  the  exterior.  It  is  essential,  therefore,  to 
esploy  a  method  of  study  that  will  consider  particle  type  sad  will  not 
break  up  fragile  particles. 

Such  requirements  are  ret  by  the  study  of  individual  discrete  parti¬ 
cles.*  This  approach  not  only  provides  reliable  data  but  also  gives  needed 


*  Shot  A  is  the  first  of  the  shots  in  which  USKRDL  participated  during 
Project  2.63;  Shot  B  is  the  fourth* 
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installed  on  the  "flight"  deck,  Khich  was  situated  on  the  ship's  how 
approximately  8  ft  shore  the  main  deck.  The  SIC's  were  so  mounted  that 
their  sampling  ports  were  located  together  and  exposed  flush  with  the 
roof  of  the  structure.  To  reduce  wind  bias  effects,  a  horizontal  steel 
plate  was  placed  on  top  of  the  SIC  housing  to  give  an  lB-ln.  overhang  on 
the  forward  and  lateral  sides.  The  opening  in  the  plate  for  the  sampling 
ports  was  located  forward  of  the  plate  center  and  the  plate  was  greased 
to  prevent  those  particles  falling  on  the  plate  from  blowing  or  rolling 
into  the  sampling  port.  Investigators  located  in  the  shielded  laboratory 
below  controlled  the  SIC  sampling  intervals  and.  Immediately  after  exposure, 
the  trays  were  lowered  by  an  elevator  into  this  laboratory  where  analyti¬ 
cal  procedures  were  begun. 


Particle  Selection 


Analytical  procedures  generally  were  the  same  at  the  field  labora¬ 
tory  and  at  BRIE.,  with  minor  differences  as  noted. 

Some  of  the  sampling  trays  exposed  during  the  heavier  fallout  were 
examined  with  a  low-power  binocular  stereomicroscope  to  determine  the 
size  and  shape  of  the  particles.  Each  particle  was  typed  awarding  to 
shape  and  sized  in  situ.  Only  Shot  3  particle  collections  '  re  stud!  ad 
for  size  distribution.  Circular  areas  were  randomly  marked  on  each  t  ay 
and  in  these  areas,  particles  larger  than  10  p  in  diameter  were  studied. 
On  the  YAG-fcO  trays,  a  circle  1.2  cm  in  diameter  was  used,  while  a  cir¬ 
cle  0.6  cm  in  diameter  was  used  on  all  other  Shot  B  trays  (analyzed  at 
KRDL).  Bo  attempt  was  made  to  obtain  size  distribution  information  from 
the  XAC-to-Shot  A  particles;  these  were  selected  to  obtain  a  sufficient 
number  of  particles  from  all  size  groups  present  to  provide  reliable  data. 

Immediately  after  being  sized,  each  particle  was  carefully  scooped 
up  with  a  hypodermic  needle  and  suspended  in  a  small  glass  vial  for  sub¬ 
sequent  gaataa  counting. 


Particle  Shape  and  Size  Determination 

Particles  were  classified  in  three  general  categories  on  the  basis 
of  physical  appearance :•  spheroidal  if  spherical  in  character,  irregular 
if  irregular  or  angular,  and  dendrite-like  when  distinguished  by  an  inter¬ 
lacing  branching  network  structure  of  extrema  delicacy  (Pig.  l). 


♦  The  color  of  XAO-^tO  particles  (both  shots)  was  also  determined;  how¬ 
ever,  this  parameter  was  not  utilized  in  the  present  study. 
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Particle  si^e  \as  described  bv  either  of  two  si2e  parameters,  equi¬ 
valent  projected  area  diameter  (Djj  or  maximum  diameter  (Dg).  The  pro¬ 
jected  area  method  is  conventional,  and  the  area  can  be  related  to  par¬ 
ticle  falling  velocity  -  an  important  quantity  in  any  fallout  model.  So 
significant  physical  relation  can  be  attached  to  maximum  diameter;  how¬ 
ever,  it  does  offer  ease  of  measurement  and  reproducibility.  Diameters 
were  measured  with  ocular  micrometers  having  either  a  linear  scale  or  a 
Fairs  graticule  (sizing  circles).  The  linear  scale  was  employed  exclu¬ 
sively  to  size  IAC-J»0-Shot  B  particles  in  terms  of  Dm.  All  other  Shot  B 
particles  and  the  IAG-^-Shot  A  particles*  were  sized  by  the  graticule 
system  in  terms  of  Da>  whereby  particle  area  was  compared  with  graticule 
area.  Measurements  were  generally  taken  under  a  total  magnification  of 
UjX,  although  19 -5X  and  9*9*  were  used  occasionally  by  changing  micro¬ 
scope  objectives.  In  general,  interpolation  between  scale  units  for 
either  micrometer  was  not  attempted,  except  in  the  case  of  XAG-^tO-Shot 
A  particles. 


Particle  Activity  Measurements 


Particles  were  individually  counted  for  relative  game  activity  in 
a  well  scintillation  counter**  employing  a  1-3/^in.  41a.  x  2-ln.  thick 
Tl-activated  Hal  crystal  detector.  In  the  case  of  measurements  made  at 
the  site  (YAG-JjO  collections),  three  1-min  counts  were  taken  and,  tor 
convenience,  the  median  was  selected  as  the  representative  value.  Vhere 
gross  counting  rates  vere  less  than  twice  background,  single  1-min  count¬ 
ing  was  done.  Particles  analyzed  at  KRDL  were  all  counted  for  single 
1-min  periods.  Backgrounds  were  on  the  order  of  300  c/m.  Experimentally 
determined  coincidence  loss  corrections  were  applied  when  activities 
exceeded  10°  c/n.  Response  characteristics  of  the  several  well  counters 
employed  were  normalized,  where  necessary,  through  laboratory  gamma  stan¬ 
dards. 

Field  measurements  were  taken  from  about  H  ♦  5  to  tO  hr  eod  HHUL 
measurements  frea  about  H  +  ^00  to  6  50  hr.  Activities  vere  corrected  to 
an  appropriate  reference  time  for  analysis,  and  experimental  decay  curves 
were  determined  by  folio /ing  the  decay  characteristics  of  selected  parti¬ 
cles  and  aliquots  of  particle  solutions. 


A  nrall.  group  of  YAC-oO-Sho'-.  A  particles  was  sized  in  terms  of  cir¬ 
cumscribed  diameter  (Dc)  by  utilising  graticule  circumference.  Be¬ 
cause  of  its  email  number,  this  group  was  not  included  in  this  study 
but  is  listed  iu  Appendix  A. 

An  end-on  i-l/2-ln.  dia.  x  l/2-in.  thick  Hal  scintillator  was  occa¬ 
sionally  ujed  to  count,  exceptionally  active  particles.  A  cc  avers  ion 
factor  of  10  from  ckelf  1  to  veil  was  obtained  frea  lowers  activity 
particles  counted  in  both  counters,  and  has  been  applied  to  all  results 


RESOESS  AHD  DISCUSS!® 


Individual  particle  data  are  listed  in  Appendix  A.  The  results  of 
particle  measurements  are  summarized  in  Table  1,  where  the  distribution 
and  activity  characteristics  of  the  size  and  size-type  group  of  each  sam¬ 
ple  collection  are  listed.  The  small  number  in  some  of  the  groups  empha¬ 
sizes  the  difficulties  in  obtaining  sufficient  single  particle  data  and 
indicates  that  the  reliability  of  such  data  is  low.  Particles  scalier 
than  31  were  not  studied  in  the  lAG-iO-Shot  A  group  -  probably  because 
of  investigator  bias  toward  larger  sizes  and  the  difficulties  of  sizing 
small  particles  Imbedded  in  grease. 


Particle  Size  Distribution 


Far  the  size  distribution  studies,  it  was  not  possible  to  nark  a 
tray  area  completely  at  random  because  of  practical  considerations.  Areas 
selected  were  limited  to  those  having  ID  to  20  particles  sufficiently  well 
spaced  to  permit  pick-tip.  A  study10  has  shown  that  the  quantities  of  fall¬ 
out  deposited  at  the  different  collector  positions  in  the  standard  plat¬ 
form  were  affected  by  varying  degrees  of  wind  bias;  for  this  reason  the  par¬ 
ticle  size  distribution  data  as  given  cay  not  be  representative  of  the  geo¬ 
graphical  location.  Since  the  effects  of  wind  bias  were  lower  in  the  caae 
of  the  TAS-to-Shot  B  cample,  this  collection  is  considered  to  be  reasonably 
representative  of  location. 


Activity  Characteristics 

The  most  notable  aspect  of  the  activity  data  is  the  wide  range  of 
activities  associated  with  each  size  group  and  size-type  subgroup.  Though 
activity  ranges  were  extensive,  variation  through  each  range  was  nearly 
continuous;  however,  in  a  number  of  cases,  extreme  low  or  high  values 
occurred.  The  activity  characteristics  of  each  size  group  of  each  collec¬ 
tion  are  given  in  Table  1  in  terms  of  minimum  activity,  maximum  activity, 
red lan  activity,  and  group  activity  (except  YAG-40-Shot  A)  -  which  is 
obtained  by  summing  individual  particle  activities.  Due  to  the  lower  fre¬ 
quencies  of  the  size-type  subgroups.  Only  their  median  activities  and  sub¬ 
group  activities  arc  listed. 

As  discussed  in  the  following  section,  there  are  indications  that  the 
activities  of  a  size-type  subgroup  may  follow  a  normal  distribution,  in 


31-42 

8 

78 

11,354 

835 

6 

1,255 

2 

*3-6> 

20 

33 

833,600 

6,985 

13 

6,797 

5 

61-84 

37 

58 

459,321 

12,213 

27 

11,871 

10 

85-102 

6 

4,460 

50,608 

32,434 

6 

32,434 

0 

103-120 

42 

69 

525,449 

4l,4l2 

24 

25,083 

12 

121-145 

13 

19,063 

683,362 

77,622 

4 

24,771 

8 

146-170 

3* 

3,686 

771,326 

113,209 

12 

65,067 

15 

171-200 

24 

3,816 

1,675,122 

166,982 

13 

92,070 

11 

201-240 

27 

25,565 

1,310,318 

168,795 

22 

152,710 

2 

241-260 

25 

32,178 

726,969 

145,494 

22 

131,935 

0 

261-315 

9 

53,105 

493,500 

223,424 

6 

181,658 

0 

316-382 

1 

1,774,146 

1 

1,774,146 

0 

372 

4,209 

4 

218 

987 

1 

3,222 

0 

— 

1,596 

191,972 

17 

1,860 

169,221 

3 

3,424 

9,532 

8 

1,125 

13,219 

7,103 

519,360 

24 

8,293 

241,291 

11 

14,776 

194,762 

l4 

4,111 

83,307 

15,129 

998,547 

38 

16,889 

685,795 

8 

8,932 

66,648 

15 

13,504 

246,104 

17,243 

1,564,034 

40 

15,247 

678,500 

8 

10,827 

88,475 

30 

26,224 

797,059 

25,877 

1,628,637 

30 

24,503 

003,776 

4 

3,757 

1,261 

12 

37,363 

794,600 

34,435 

693,709 

12 

34,078 

402,758 

0 

— 

— 

7 

34,591 

290,951 

49,444 

849,701 

4 

34,571 

125,221 

0 

- — 

— 

12 

53,599 

724,480 

55,708 

599,034 

2 

43,855 

87,709 

1 

8 

8 

7 

72,695 

5U,317 

55,282 

926,556 

2 

63,499 

126,585 

0 

WWW 

12 

55,282 

799,571 

64,086 

64,086 

0 

WWW 

www 

0 

WWW 

1 

64,086 

>4,086 

71,016 

142,032 

0 

www 

1 

3,176 

3,176 

1 

138,856 

138,856 

www 

10,997 

51,572 

w 

2 

6,132 

WWW 

12,264 

1 

39,308 

WWW 

39,308 

w 

0 

WWW 

www 

.45,214 

www 

290,428 

0 

— 

— 

0 

— 

— 

2 

145,214 

290,428 

Q,523,&rr 

175 

3,334,507 

38 

435,392 

121 

4,753,978 

39.1  11.4 


52.^ 


5.1 _ 36.2 


55-9 


TABLE  1  (contd) 

Distribution  and  Activity  Characteristics  of  Particle  Size  and  T; 

(YAG-39-Shot  B,  Activities  in  Well  c/n  at  H  +  300) 


Comosite 


Size  number  Frequency 

Group  of  Par-  With  Zero  _ Activity  (veil  c/m 

(u)  tides  Activity  Minimum  Maximum  Median  Gro 
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TABUS  1  (contdj 

'  bution  and  Activity  Characteristics  of  Particle  Size  and  Type  Owbm 
(131*61 1-Shot  B,  Activities  at  H  +  3C0) 


Spheroidal 


veil  c/aj  Activity  (veil  c/m) 

an  Group  Frequency  Median  G 


327,885  125 


1  *,201 

35,755 

1 

3,282 

►  U,323 

150,672 

0 

— 

i  8,798 

68,  *72 

0 

— 

— 

— 

- 

— 

— 

— 

- 

— 

270,52* 

27 

•7 _ 

82,5 

15.7 

8 

h 

53 

*,*35 

2 

5 

0 

8,30) 

- 

6 

883 

25,3*2 

- 

1 

14,200 

i*,2ao 

- 

- 

— 

— 

MW 

mm 

— 

■ — 

* 

1.* 

mm 

20 

11.6 

52,837 

16 

-  —  'hit  ~z-r-. 


-  ...ite 


Size  Humber  Frequency 

Group  of  Par-  With  Zero  _ Activity  (veil  c/m) 

(yi)  tides  Activity  Hlninum  Maximum  Median  Grou 


Activity  (well  c/m)  A 

Frequency  Median  Group  Frequency"! 


10-21 

33 

6 

0 

506 

48 

2,524 

20 

44 

1,683 

13 

22-30 

18 

9 

0 

610 

13 

1,299 

15 

O 

1,107 

3 

31-*»2 

19 

5 

0 

534 

62 

1,853 

16 

53 

1,487 

0 

43-60 

22 

4 

0 

395,842 

490 

408,345 

15 

167 

404,211 

1 

61-84 

12 

2 

0 

5,554 

272 

11,149 

8 

272 

8,493 

1  i 

85-120 

16 

0 

90 

7,801 

926 

37,525 

l 

785 

20,133 

t 

4 

121-170 

12 

1 

0 

83,316 

2,029 

118,296 

6 

1,433 

93,965 

0 

171-240 

8 

1 

0 

21,240 

6,186 

55,882 

3 

6,590 

19,723 

1  2 

241-340 

9 

0 

3j6i4 

619,448 

61,65; 

1,445,691 

6 

112,640 

720,292 

1  6 

341-480 

13 

0 

6, 204  1,6981631 

71,445 

3,265,945 

9 

142,176  2,918,445 

3  1 

481-680 

7 

0 

50,641 

489,310  184,800 

1,610,536 

5 

l84,8oo  1,006,799 

0 

Total 

169 

6,959,045 

UjO 

5,276,338 

27 

Contribution  (it) 

65.1 

75.8 

16.0  ‘ 

<L... 


TABLE  1  (contd) 


lstribution  and  Activity  Characteristics  of  Particle  Size  and  Type  Grot®* 
j  (TtfHB  29-Shot  B,  Activities  at  H  ♦  300) 


dendrite-like 


which  case  the  Dean  and  median  axe  equal*  The  median  therefore  is  used  in 
this  study  as  an  estimate  of  the  mean,  since  it  depends  (at  least  in  the 
doubtful  activity  region)  only  on  the  number  of  particles.  In  addition 
the  median  value  is  less  distorted  by  the  extreme  values  that  occur  in 
some  cases. 

Only  the  field  data  (TAG-ltO-Shot  A  and  XAG-fcO-Shot  B)  are  considered- 
reliable  for  activity-size  and  activity  distribution  information.  This 
set  of  data  shows  that  the  activity  range  and  median  activity  both  increase 
with  particle  size.  The  measurements  made  at  HRDL  are  less  useful,  show¬ 
ing  a  high  percentage  of  particles  with  very  low  or  zero  activities*  These 
particles  were  counted  at  late  times,  and  their  activities  had  decayed  to 
or  past  the  limits  of  detection.  In  the  case  of  zero  activities  the  ques¬ 
tion  of  which  of  these  decayed  past  detection  and  which  were  originally 
inactive  cannot  be  resolved.  It  is  noteworthy  that  all  the  XAG-to-Shot  A 
particles  studied  were  active  and  of  the  TAG-VO-Shot  B  particles  were 
active. 


Activity  Distribution  Studies 

A  preliminary  study  of  the  activity  distribution  within  a  size  group 
and  a  size-type  subgroup  was  conducted  with  the  field  data.  The  study  was 
limited  to  considering  whether  or  not  the  distribution  of  activities 
followed  normal  or  log-normal  distribution  functions.  A  normal  distribu¬ 
tion  tendency  was  exhibited  only  by  the  size-type  subgroups  containing  30 
or  more  particles,  as  is  shown  by  their  data  plotted  on  noraal -probability 
paper  in  Figs.  2  through  5«  A  distribution  function  could  not  be  assigned 
to  the  other  groups. 

The  TAG-tO-Shot  B  particles  provide  information  on  the  distribution  of 
activity  among  size  groups  as  veil  as  the  distribution  of  activity  by 
part  . ole  type  within  a  size  group*  The  activities,  listed  in  Table  1,  axe 
detailed  in  Table  2. 

Activity  acv.  Size  Relationship 

With  the  field  data,  median  activities  of  size  and  size-type  groups 
were  plotted  ©gainst  mean  diameters  to  study  the  activity-size  relation¬ 
ships  and  the  influence  of  particle  type  in  such  relations*  Figure  6 
depicts  the  Jog-log  plots  of  the  lAG-io-Shot  A  particles  and  Fig.  7#  the 
XAG-JtO-Shot  B  group.  Shot  A  dendrite-like  and  Shot  B  spheroidal  particles 
were  not  studied  type vise  because  their  data  were  too  sparse;  however 
they  are  included  in  the  composite  group  studies.  In  each  plot  the  locus 
of  points  suggested  a  linear  relationship;  consequently  regression  lines 
were  fitted  by  means  of  a  modified  least  squares  method.  In  this  method 
the  median  activity  of  the  group  was  weighted  by  the  number  of  particles 
in  the  group.  For  calculation,  activities  greater  than  10*  c/m  were 
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UBLE  A.l  (Contd) 
XAG-40-3hot  A  Particles 


Activity  at 


Pirticle 

Designation 

S 

Da 

ize  (p) 

Dc 

H  +  12 

(net  veil  c/u) 

Shape 

Color 

325-52 

155 

194,019 

S 

tr.  ns  liters  t  white 

53 

180 

231,914 

S 

translucent  white 

5*» 

no 

66,106 

I 

white 

55 

105 

26,752 

I 

tr  nsluceat  white 

56 

84 

112,286 

S 

white 

57 

50 

724 

I 

translucent  yellow 

58 

78 

5,027 

1 

translucent  white 

59 

155 

57,733 

I 

translucent  white 

60 

130 

**59,389 

s 

white 

61 

60 

3,^06 

I 

translucent  white 

62 

315 

223,424 

D 

white 

63 

220 

168, 115 

D 

white 

64 

240 

321,725 

I 

white 

65 

260 

217,674 

D 

white 

66 

180 

**3,933 

I 

white 

61 

175 

160,173 

I 

white 

68 

240 

234,446 

D 

translucent  white 

69 

240 

156,190 

I 

tr  aclvcent  white 

70 

260 

74.405 

I 

white 

71 

170 

124,458 

D 

wnite 

72 

90 

38,498 

I 

translucent  white 

73 

70 

58 

S 

hi Ml 

74 

155 

37. 1 

r 

'r.  nciucrrt  white 

75 

65 

3 

r» 

•  j 

■  >i.rrlaecn4  vliitc 

76 

130 

17: 417 

D 

white 

'77 

260 

</}.  r*».o 

S 

78 

3C0 

JC:6 

T 

wh  its 

79 

64 

17-506 

I 

white 

80 

60 

?,717 

r* 

u 

«?V.tc 

01 

200 

134.741 

) 

>»  .  white 

02 

jOO 

■  374 

D 

••hi  to 

83 

30O 

165,^ 

I 

viat* 

8li 

380 

321,774 

I 

white 

85 

380 

257,242 

I 

white 

06 

420 

136,916 

X 

whit* 

07 

10 

2,682 

X 

white 

88 

170 

5,097 

X 

black 

89 

42 

3,99** 

s 

white 

90 

70 

8,875 

D 

white 

91 

145 

21,746 

I 

white 

92 

32 

U,847 

X 

hlack 

Continued 
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TABLE  A. 1  ( Conti) 


tAG-40rShot  A  Particles 


Particle 

Designation 

Site  0i) 

A: 

Activity  et 

E  ♦  12 

(net  veil  c/a)  ' 

Shape 

OnT  nr» 

327-34 

84 

20 

I 

black 

35 

60 

726 

I 

translucent  grey 

36 

84 

48 

I 

black 

37 

200 

3,8l6 

I 

white 

38 

260 

145,494 

I 

vhlte 

39 

260 

132,944 

I 

white 

4o 

260 

226,986 

D 

white 

4l 

170 

298,676 

D 

white 

42 

170 

137,470 

D 

white 

43 

170 

m,6i4 

D 

white 

44 

150 

263,419 

O 

white 

45 

90 

12,730 

I 

white 

46 

120 

92,353 

1 

yellow  vhlte 

47 

2a? 

77,991 

I 

white 

48 

180 

20,265 

I 

white 

49 

260 

93,124 

1 

white 

50 

180 

54,217 

I 

white 

51 

120 

20,533 

S 

white 

52 

120 

12,480 

I 

white 

53 

120 

71,571 

I 

white 

54 

170 

535,943 

8 

white 

55 

49,695 

S 

white 

56 

220 

25,565 

I 

white 

57 

84 

Con 

I 

white 

58 

84 

7,975 

I 

white 

59 

145 

8 

yellow 

60 

260 

162,461 

D 

white 

61 

130 

58,585 

D 

white 

62 

315 

259,521 

I 

white 

63 

200 

121,838 

8 

vhlte 

64 

260 

333,518 

I 

white 

65 

180 

258,810 

I 

white 

66 

315 

365,685 

D 

white 

67 

120 

15,629 

I 

white 

68 

84 

25,125 

I 

white 

69 

170 

79,119 

I 

white 

70 

145 

77,622 

8 

white 

Continued 


TABLE  A.2 


1 


TAG-40-Shot  B  Particle* 


Activity  at 


particle 

Designation 

Size,  lb 

(m) 

K  ♦  300 
(net  veil  c/m) 

Shape 

Color 

I832-  1 

99 

5,004 

1 

white 

2 

99 

4,811 

I 

white 

3 

132 

38,774 

I 

translucent  white 

4 

165 

6,259 

I 

white 

5 

198 

24,635 

1 

white 

6 

115 

21,834 

I 

white 

8 

132 

19,887  * 

I 

grey 

9-1 

165 

16,912  • 

D 

translucent  white 

9-2 

330 

52,625 

D 

translucent  white 

10 

132 

17,633 

I 

translucent  white 

11 

115 

41,668 

D 

white 

12 

2 97 

34,065 

D 

white 

13.1 

198 

72,028 

D 

translucent  white 

13.2 

132 

48,757 

I 

white 

14 

198 

17,450 

I 

white 

15 

165 

34,231 

D 

white 

translucent  white 
translucent  white 


T>  V 


TABLE  A. 2  (Conti) 
IAG-40“Shot  B  Particles 


Activity  at 


Particle 

Designation 

-a* 

H  ♦  300 
(net  veil  c/m) 

Shape 

r»n1m» 

1840-  1 

165 

53,806 

D 

translucent  vhite 

2 

462 

39,303 

S 

translucent  vhite 

3 

132 

333 

S 

translucent  vhite 

4 

396 

3,176 

S 

translucent  vhite 

5 

165 

716 

I 

grey 

6 

99 

11,444 

I 

vhite 

l84l-  1 

165 

27,248 

D 

vhite 

2 

132 

4,566 

S 

vhite 

3 

165 

17,109 

I 

vhite 

1842-  1 

198 

29,118 

I 

vhite 

2 

297 

122,553 

D 

vhite 

3 

231 

39,353 

I 

vhite 

4 

264 

136,203 

D 

vhite 

5 

231 

18,081 

I 

vhite 

6 

231 

33,721 

Z 

vhite 

7 

115 

7,184 

S 

vhite 

8 

99 

42,043 

B 

translucent  vhite 

9 

132 

9,534 

I 

white 

10 

66 

3,424 

S 

vhite 

11 

165 

10,762 

I 

vhite 

12 

33 

64 

I 

grey 

1843-  1 

242 

48,615 

D 

vhite 

2 

66 

5,805 

D 

vhite 

3 

66 

2,420 

D 

vhite 

4 

132 

13,327 

S 

vhite 

5 

132 

22,787 

D 

vhite 

6 

132 

14,729 

D 

vhite 

7 

132 

17,694 

S 

vhite 

8 

99 

9,051 

S 

vhite 

9 

99 

2,294 

D 

vhite 

10 

99 

2.035 

C 

vhite 

11 

165 

50,055 

D 

vhite 

12 

99 

7,354 

I 

vhite 

13 

132 

7,220 

I 

vhite 

14 

297 

57,404 

D 

vhite 

15 

49 

642 

I 

vhite 

16 

165 

16,953 

D 

vhite 

TABUS  A.2  (Contd) 
TAG40-Sbot  B  Particle* 


Particle 

Designation 

Size.  XU 

GO 

Activity  at 

H  ♦  300 
{net  veil  c/m) 

Shape 

Color 

1855-  2 

99 

6,819 

0 

vhite 

4 

132 

18,490 

I 

white 

5 

66 

1,476 

I 

vhite 

6 

132 

2,578 

X 

white 

7 

264 

€2,776 

0 

white 

8 

198 

28,934 

1 

white 

9 

82 

968 

X 

white 

10 

297 

72,695 

D 

vhite 

11 

99 

7,089 

D 

vhite 

12 

132 

15,694 

D 

vhite 

13 

99 

4,465 

8 

vhite 

16 

99 

3,908 

S 

white 

17 

132 

3,355 

D 

vhite 

18 

198 

12 

8 

translucent  grey 

19 

165 

4,779 

D 

vhite 

20 

66 

1,123 

D 

vhite 

21 

49 

0 

X 

yellow 

2b 

33 

0 

X 

yellow 

27 

66 

0 

X 

yellow  white 

29 

297 

8 

8 

translucent  whit* 

1856-  1 

144 

14,290 

8 

white 

2 

144 

11,005 

8 

white 

3 

144 

8,519 

8 

white 

4 

216 

52,934 

D 

white 

5 

72 

6,204 

8 

vhite 

6 

72 

27,478 

8 

white 

7 

144 

4 

X 

translucent  vhite 

8 

66 

2,733 

X 

grey 

9 

99 

18,484 

X 

vhite 

2125-  1 

99 

29,328 

8 

vhite 

2 

66 

80,483 

X 

vhite 

3 

132 

16,619 

X 

vhite 

b 

198 

16,120 

X 

vhite 

5 

198 

49,732 

X 

vhite 

6 

165 

14,531 

X 

white 

7 

231 

29,285 

D 

vhite 

8 

330 

155,625 

D 

vhite 

9.1 

165 

15,532 

X 

vhite 

Continued 


t 


'S. 


— lw',--~  --\  v- 


TAELE  A*3 

TAG- 39-Shot  B  Particles 


Particle 

Designation 

Size.  IU 
(p) 

Activity  at 

H*  300 
(net  veil  c M 

Shape 

2583-  1 

240 

27,120 

8 

2 

145 

494 

S 

3 

120 

6,973 

X 

4 

42 

307 

8 

5 

120 

3,324 

X 

6 

60 

116 

X 

7 

120 

3,823 

D 

8 

103 

165 

I 

9 

1(8 

2&L 

X 

10 

103 

120 

X 

11 

340 

5,658 

X 

12 

103 

5,292 

X 

13 

42 

460 

X 

14 

60 

1,249 

X 

15 

30 

477 

X 

16 

60 

83 

X 

17 

84 

1,128 

D 

18 

80 

5,451 

I 

19 

30 

61 

8 

20 

42 

201 

X 

21 

30 

75 

8 

22 

30 

75 

X 

23 

223 

l6,402 

9 

24 

84 

2,180 

9 

25 

42 

425 

X 

26 

30 

134 

8 

27 

30 

53 

I 

26 

42 

872 

S 

29 

120 

4,436 

» 

30 

42 

33 

X 

31 

60 

850 

8 

32 

30 

0 

I 

33 

84 

51 

X 

34 

290 

34,344 

I 

35 

30 

165 

X 

36 

60 

64 

I 

37 

42 

576 

X 

39 

84 

878 

X 

40 

103 

8,322 

9 

43. 

120 

8,7a 

9 

42 

60 

469 

8 

kt 


Continued 


f>v 


TABLE  A.3  (Cpxrtd) 
XAC-39-Shot  B  Particles 


TABLE  A-3  (Contd) 


TAG- 39-Shot  B  Particles 


Particle 

Designation 

Size, 

(p) 

Activity  at 

H  ♦  300 
(net  veil  c/m) 

Shape 

2791-25 

to 

215 

I 

26 

30 

50 

1 

27 

to 

97 

D 

28 

to 

0 

I 

29 

21 

11 

I 

30 

51 

0 

1 

31 

30 

0 

I 

32 

60 

69 

1 

33 

15 

24 

8 

3* 

15 

0 

8 

35 

21 

0 

8 

36 

30 

106 

8 

37 

to 

0 

8 

38 

30 

0 

D 

39 

60 

168 

D 

to 

84 

244 

D 

4i 

30 

65 

I 

to 

30 

9C 

8 

*3 

to 

179 

I 

44 

60 

69 

D 

*5 

30 

179 

I 

to 

120 

309 

D 

to 

60 

65 

I 

to 

30 

8 

I 

2796-  1 

84 

24 

I 

2 

30 

0 

I 

3 

to 

0 

I 

4 

to 

0 

8 

5 

to 

49 

8 

6 

to 

0 

I 

7 

60 

4 

I 

8 

to 

115 

1 

9 

to 

0 

I 

10 

to 

0 

I 

11 

42 

0 

I 

12 

84 

0 

D 

13 

60 

115 

0 

1* 

to 

205 

D 

15 

to 

286 

X 

16 

to 

16 

I 

Continued. 
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TABLE  A  .3  (Contd) 


TAG- 29-Shot  B  Particle* 


Particle  .  Size,  IVi 
Designation  .  (n) _ £ 


Activity  at 
H  ♦  300 
'net  veil  c/m 


TABUS  A.3  (Contd) 
TAG-39-Shot  B  Particle* 


Particle 

Designation 

Size,  BL 

.  bb* 

Activity  at 

H  +  200 
(net  veil  c/m) 

Shape 

2796-58 

30 

220 

8 

59 

30 

0 

I 

60 

84 

12 

I 

6l 

to 

0 

Z 

62 

42 

125 

I 

63 

to 

0 

X 

64 

60 

70 

I 

65 

42 

42 

I 

66 

60 

48 

X 

67 

60 

78 

D 

68 

21 

10 

8 

69 

84 

64 

D 

70 

60 

5V 

D 

71 

84 

6 

X 

72 

30 

39 

I 

73 

30 

89 

X 

7* 

84 

42 

X 

75 

60 

103 

0 

76 

42 

103 

X 

77 

84 

a 

I 

78 

60 

110 

9 

79 

60 

64 

X 

80 

30 

0 

8 

81 

60 

18 

X 

82 

30 

42 

I 

83 

103 

36 

X 

84 

42 

0 

X 

85 

60 

36 

9 

86 

30 

236 

8 

87 

60 

0 

X 

88 

84 

65 

9 

89 

60 

V3 

9 

90 

30 

0 

X 

91 

51 

0 

X 

92 

103 

73 

I 

93 

42 

28 

I 

9* 

a 

6 

8 

95 

42 

0 

X 

96 

42 

0 

9 

97 

42 

25 

X 

98 

60 

0 

9 

99 

30 

62 

X 

Continued 


TO3LJ5  A-3  (Contd) 
YAG-39-Shcrt  B  Particle* 


Particle 

Designation 

Size.  D« 

InS 

Activity  st 
H  +  300 
(net  veil  c/icO 

2796-100  - 

60 

10 

101 

42 

0 

102 

60 

6 

2801-  1 

84 

75 

2 

84 

1,188 

3 

340 

76,906 

4 

60 

37 

5 

84 

0 

6 

42 

22 

7 

30 

16 

8 

30 

35 

9 

42 

0 

10 

60 

56 

11 

84 

604 

12 

120 

0 

13 

84 

0 

14 

30 

0 

15 

30 

0 

16 

42 

0 

17 

30 

0 

18 

42 

0 

19 

120 

3,913 

20 

30 

0 

21 

21 

77 

22 

120 

8,994 

23 

30 

0 

24 

170 

34 

25 

84 

25 

26 

42 

0 

27 

42 

0 

28 

60 

129 

29 

42 

9 

30 

42 

0 

31 

30 

14 

32 

60 

0 

33 

42 

0 

3* 

84 

43 

35 

60 

0 

36 

60 

43 

37 

42 

0 

38 

30 

9 

39 

15 

232 

Continued 
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TABES  4.3  (Contd) 
IAG-39-Shot  %  Jtatl6l.ee 


LST-6ll-Shot  B  Particles 


Activity  at 


Particle 

Designation 

Size,  D> 

-  00 

H  ♦  300 
(net  well  c/m' 

2553-  1 

120 

590 

2 

170 

6,370 

3 

170 

6,240 

4 

120 

11,941 

5 

120 

6,617 

6 

84 

4,329 

7 

42 

153 

8 

30 

10 

9 

42 

0 

10 

84 

47 

11 

42 

77 

12 

30 

0 

13 

60 

0 

14 

a 

0 

15 

42 

0 

l6 

84 

7,909 

17 

a 

101 

18 

42 

118 

19 

84 

87 

20 

120 

6,199 

21 

120 

5,86? 

22 

60 

118 

23 

170 

11,663 

2k 

205 

14,078 

25 

30 

0 

26 

6o 

0 

27 

73 

128 

28 

120 

1,452 

29 

170 

6,539 

30 

42 

44 

31 

51 

0 

32 

30 

ta. 

33 

15 

0 

3k 

42 

0 

35 

30 

212 

36 

a 

134 

37 

a 

0 

38 

6o 

302 

39 

42 

31 

4o 

6o 

0 

x 

8 

s 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


« 


Continued 


TbELK  A.k  (Contd) 
ISI-oil-Shot  B  Particles 


Activity  at 

Particle  Size*  H  ♦  300 

Designation  (»)  (net  veil  c/a)  Shape 


TABLE  A. 4  (Contd) 
L3T-6ll-Shot  B  Particle* 


Activity  at 


Particle 

Designation 

Size.  XL 
<»> 

1  +  300 
(net  veil  c/a) 

Shape 

2576-25 

42 

33 

I 

26.1 

42 

10 

I 

26.2 

42 

0 

I 

29 

21 

0 

I 

29 

15 

0 

I 

30 

30 

0 

I 

31 

30 

0 

I 

32 

30 

0 

I 

33 

84 

0 

I 

3* 

21 

101 

I 

35 

170 

0 

D 

36 

170 

1,727 

D 

37 

170 

0 

I 

33 

60 

0 

D 

39 

42 

101 

I 

2+0 

42 

207 

I 

41 

21 

5* 

I 

42 

a 

89 

8 

fc 3 

15 

125 

I 

44 

a 

161 

8 

*5 

42 

143 

I 

46 

30 

107 

I 

47 

60 

0 

I 

48 

a 

0 

8 

>*9 

30 

11 

I 

50 

30 

71 

I 

51 

30 

48 

1 

52 

a 

64 

I 

257B-  1 

170 

17,207 

D 

2 

60 

0 

I 

3 

170 

4,712 

I 

4 

42 

29 

8 

5 

15 

125 

8 

6 

30 

36 

I 

7 

240 

39,681 

I 

8 

120 

2,535 

I 

9 

170 

17,640 

I 

10 

15 

19 

8 

11 

15 

38 

8 

12 

170 

15,267 

I 

Continued 
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TABLE  k.h  (Contd) 


LST-6ll-Shot  B  Particle* 


Particle 

Designation 

Size,  DU 

(P>  .  . 

Activity  at 

H  ♦  300 
(net  veil  c/n) 

Shape 

2581-21 

120 

0 

D 

22 

8* 

0 

D 

23 

kz 

0 

D 

ZK 

60 

0 

I 

25 

15 

0 

3 

26 

kz 

0 

I 

2T 

21 

0 

I 

23 

30 

0 

I 

29 

30 

0 

I 

30 

73 

198 

I 

31 

21 

0 

1 

32 

1*2 

3*3 

D 

TABLE  A. 5  (Contd) 
YFnB-13-Shot  B  Particle* 


TABLE  A.?  (C&ntlJ 
YFKB-13-Sbot  B  Particle® 


TABLE  A.  5  (Contd) 
XFHB-13-Shot  B  Particle* 


Activity  at 

Particle  Size.  H  *  300 

PeaiKnation. _ (ni  (net  veil  c/m) _ Shaj 


1977-24 


55 


56 


120 

2,424 

120 

2,231 

170 

7,126 

42 

193 

kz 

310 

60 

27 

60 

176 

42 

356 

84 

1,166 

30 

0 

60 

0 

84 

0 

42 

c 

30 

0 

IPO 

0 

60 

43 

15 

250 

21 

77 

2L 

33 

42 

0 

42 

226 

42 

93 

4a 

0 

60 

20 

42 

83 

42 

90 

30 

57 

6o 

TOO 

30 

0 

30 

0 

a 

30 

a 

57 

30 

40 

i 

1 


(SfiflHHHHKRHKHHBRBffl  HttHHHHQHHMHHMH 


>. 

t 

1 


TABUS  A.  6  (Contd)  . 
YFNB -29 -Shot,  B  Particles 


Size,  Ife 

_ (H)_ _ i 


Particle 
•ion 


Activity  at 
H  +  300 
net  veil  c/m' 
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